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Hortic. bras., v35, n.2, Apr. -Jun. 2017 T omato production in South Africa is mainly under field conditions with diverse climatic conditions. Growing vegetables using soil has a range of challenges, such as variable temperatures, moisture holding capacity, available nutrient supply, proper root aeration, as well as disease and pest infestation (Maboko & Du Plooy, 2014) . Soilless production under protected conditions alleviates some of these problems, while giving the grower better control over plant growth and development (Du Plooy et al., 2012) .
For successful production of tomatoes, increasing the grower's profit and satisfying the local market, requires the application of different production methods to increase yield. These include plant spacing and cultivar choice. The number of plants per unit ) during the spring/summer and summer/fall seasons. Experimental layout was a randomized complete block design in a factorial scheme of four plant spacing x four cultivars with three replicates. There were no significant differences in marketable yield between the cultivars tested during the spring/summer and summer/ fall seasons. Cultivar Mion showed higher incidence of blossom end rot, while Mariana showed the highest fruit rot during the spring/ summer season as compared to the other cultivars. During the spring/ summer season, marketable yield increased with increased plant density with the highest yield obtained at 25 plants/m 2 followed by 20 plants/m 2 . During the summer/fall season, plant density did not show a significant effect on total and marketable yield although a tendency for declined yield with increased density was observed. Number of fruit per plant as well as fruit size decreased with increased plant density during both seasons which did not have an effect on overall yield per plot area. Increasing the plant density to 25 plants/ m 2 can improve marketable yield of determinate tomato cultivars during spring/summer season while using a plant density of 10 plants/m 2 will be more cost effective during the summer/fall season. This information will enable farmers to optimise yield and quality of determinate tomato cultivars under closed hydroponic systems.
Keywords: Solanum lycopersicum, gravel-film technique, yield, soilless cultivation. area is one of the important agronomic practices to optimize yield (Rodriguez et al., 2007; Kitila et al., 2012; Maboko & Du Plooy, 2013 ). An ideal plant density can lead to optimum yields, whereas too high or too low plant densities can result in relatively lower yields of poor quality (Maboko & Du Plooy, 2013) . In an optimal space, plants can efficiently utilize environmental factors, such as light, air, water and nutrients, and inter-or intra-specific competition should be at a minimum. It also ensures proper plant growth and development resulting in maximizing yield of crop and economic use of land. Manipulation of plant spacing is an important means to increase light interception and its efficient use in tomato production (Feng et al., 2010) . Tomato yield has been reported to be dependent on the number of plants accommodated per unit area (Mehla et al., 2000; Belemi, 2008; Maboko et al., 2011a) . Castodi et al. (2012) reported that an increase in plant density resulted in a reduction in mean fresh weight of the plants and increased productivity to a certain extent. Yield of fresh market and processing tomatoes was reported to be greatly influenced by plant spacing (Belemi, 2008) . Mehla et al. (2000) also reported the importance of plant spacing on yield and quality parameters in tomato crop.
RESUMO
In South Africa, hydroponically grown tomatoes are generally produced in an open bag hydroponic system. However, research reports have indicated that hydroponic cultivation is inclined towards closed systems in order to reduce nutrient losses and control of the environment (Schwarz et al., 2009) . A closed hydroponic system provides efficient use of water and nutrients due to recirculating of the nutrient solution. In South Africa, the gravel-film technique has shown improved yield per unit area at high density planting of tomato with decapitated growing points (Maboko & Du Plooy, 2013) . There are no established tomato spacing recommendations for determinate tomato cultivars production under a closed hydroponic system using the gravel-film technique. Cultivar selection is also a critical management decision that can impact yield and fruit quality (Maboko & Du Plooy, 2013) . The study was aimed at determining yield of hydroponically grown determinate tomato cultivars at different plant spacings.
MATERIAL AND METHODS
The study was conducted during ranging from 16 to 19 mm. A gravel-film technique hydroponic system was used to perform the trial, as described by Maboko et al. (2011b comprising of N (117 ppm) and Ca (166 ppm). The fertilizers applied from transplanting until the plants were three weeks old were 600 g Hygroponic and 600 g Ca(NO 3 ) 2 in 1000 L water. Thereafter, 900 g Hygroponic and 900 g calcium nitrate were applied per 1000 L water. The electrical conductivity (EC) and pH of the nutrient solution were maintained within a range of 1.9 to 2.3 mS/cm and 5.8 to 6.1, respectively.
Fruits were harvested on a weekly basis at breaker stage. The performance of the tomato cultivars was evaluated for total yield, marketable and unmarketable yield, as well as the occurrence of physiological disorders. Fruits were regarded as unmarketable when they exhibited cracking, zippering, rotting, blossom-end rot, rain-check, cat-face or fell into the extra small size category (less than 40 mm diameter). Marketable yield comprised of fruits that were larger than 40 mm diameter, whereas total yield was determined by adding marketable yield and unmarketable yield.
Data were subjected to analysis of variance (ANOVA) using the statistical program GenStat® version 11.1 (Payne et al., 2008) . Treatment means were separated using Fisher's protected T-test least significant difference (LSD) at the 5% level of significance (Snedecor & Cochran, 1980) .
RESULTS AND DISCUSSION
High mass of extra-small sized (Table 2 ). Tomato yield is directly related to the number of plants per unit area, number of harvested fruits per plant and average fruit mass (Streck et al., 1998) . During the summer/fall season, total number of fruits, total yield, marketable yield and number of marketable fruits per plant decreased with an increase in plant density (Table  2 ). In contrast, during the summer/fall season the yield and yield components per unit area were not affected by plant density (Table 3) . However, there was a decreased tendency in total and marketable yield with an increase in plant density (Table 3) . Furthermore, effect of plant density was influenced by growing season/environmental conditions. An increase in plant density (Table 1 ) resulted in an increase in total yield during the spring/summer season while in summer/fall season plant density did not have a significant effect (Table 3) . During the spring/ summer season, there was an increase in marketable yield with an increase in plant density (Table 1) whereas during the summer/fall season (Table  3 ) marketable yield increased with a decrease in plant density. Growers are only interested in high marketable yield to generate profit.
Generally, determinate tomato does not require sucker/stem pruning, and if pruned, the yield will be reduced. Each shoot of a determinate tomato results in a cluster/flower truss and consequently Values in a column followed by the same letter are not significantly different (p>0.05), using Fishers' protected t-test; ns= not significant LSD: least significant difference.
fruit cluster/fruit truss. It was observed that plants grown at the wider spacing (10 and 16 plants/m 2 ) exhibited more side shoots and continuous vegetative growth due to less population pressure per unit area which resulted in similar marketable yield to plants grown at a higher population density (20 and 25 plants/m 2 ). Wide spacing might have an advantage of optimum conditions for vegetative growth and better plant canopy due to maximum light interception, photosynthesis, assimilation and accumulation of more photosynthates into the plant system (Mazumdar et al., 2007) . This was evident from the increase in number of fruits, total yield and marketable yield per plant at a wider spacing of 10 and 16 plants/m 2 (Table 2 ). Increased total yield at high density planting can be attributed to the high number of plants/ m 2 (Table 1) . During the summer/fall season, plants were exposed to shorter days, lower temperature and radiation, which might have not fully benefited densely planted plants as a result of competition for light (Figure 1) . Increase in total number of fruits, total yield and marketable yield per plant as well as increased tendency of tomato yield/ m 2 with a decrease in plant density during summer/fall season (Tables 2  and 3 ) as opposed to spring/summer season (Tables 1 and 2 ) could also be due to shorter day length and lower radiation (Figure 1 ). We observed that plants tended to produce fewer flowers at closer spacing which contributed to lower yield compared to wider spacing during summer/fall season. Temperature and radiation during spring/summer season might have been sufficient to benefit closer spaced plants to produce high yield (Figure 1) . Plants grown at 16 or 25 plants/ m 2 produced more fruits exhibiting blossom-end rot (Table 4) . Number (Table 4) . High incidence of zippering was found at high plant density which could be due to poor ventilation or pollination. This is in agreement with the study conducted by Maboko & Du Plooy (2013) . Zippering is a physiological disorder whereby an anther becomes attached to the ovary wall of the newly forming fruit causing zipper to form. Plant density did not have a significant effect on fruit physiological disorders during summer/ fall season (Table 5) .
During the spring/summer season, the highest total yield was obtained by Dynimo and Mariana, although Mariana did not differ significantly from Mion (Table 1) . Total number of fruits was significantly higher for Dynimo, Mariana (control) and Mion compared to Sama. Marketable yield was not affected by cultivar choice, however, number of marketable fruits was higher for Dynimo, Mariana and Mion (Table   1 ). Dynimo and Mariana produced significantly higher unmarketable yield followed by Mion and the least was Sama. Dynimo and Mariana were the cultivars with the highest total yield. However, marketable yield of all cultivars was similar, due to more unmarketable fruits in Dynimo and Mariana (Table 1 ). Mion had the highest incidence of blossom-end rot, although did not differ significantly from Sama (Table 4) . Mariana was more susceptible to incidence of fruit rot and zippering compared to Dynimo, Mion and Sama (Table 4) .
During spring/summer season, there were no significant differences in total yield, marketable yield and number of marketable fruits per plant in all cultivars with the exception of lower total number of fruits for Sama (Table 2) . Furthermore, there were no differences in total yield, total number of fruits, marketable yield and number of marketable fruits/m 2 amongst the four cultivars (Table 3) . However, Sama produced the smallest unmarketable yield and mass of extra-small sized fruits compared to Dynimo, Mariana and Mion. Similar to results obtained in spring/summer season, extra-small sized fruits contributed to high unmarketable yield for cultivars Dynimo, Mariana and Mion (Table 3) . Generally, Dynimo produced a small number of fruits (Tables 1 and 2 ), but larger sized fruits. Results showed that spring/ summer season cultivars produced higher unmarketable yield and total yield than summer/fall growing season. Incidence of cat-face and zippering were not affected by cultivar, however, fruit rots were high for cultivars Dynimo, Mariana and Mion during summer/fall season (Table 5) . When selecting tomato cultivars, growers should consider the market demand, fruit characteristics as well as the yielding potential and resistance to diseases. Mariana was more susceptible to incidence of fruit rot and zippering compared to Dynimo, Mion and Sama which contributed to high unmarketable yield. Although, Sama produced fruits with the least unmarketable yield and number of marketable fruits, it performed similarly to other cultivars in terms of marketable yield. The reason is due to the larger sized fruits produced by this cultivar, Sama. High incidence of extra-small sized fruits (Table 1) hydroponic system using gravel-film technique. However, during summer/ fall season a plant density of 10 plants/ m 2 was most cost effective, with no significant increase in yield at higher densities. Prior to this study there was no standard plant density recommendation available for determinate tomato cultivars in a closed (gravel) hydroponic system. This information will enable farmers to optimise yield and quality of determinate tomato cultivars under closed hydroponic systems.
